A new asterosaponin aphelasteroside F (1) was isolated from the ethanolic extract of the Far Eastern starfish Aphelasterias japonica along with the previously known ophidianoside F (2). The structure of 1 was elucidated by extensive use of NMR and ESI-MS techniques, and chemical transformations. Compound 1 contains a new type of asterosaponin carbohydrate chain linked to C-6 of the steroid aglycone aphelaketotriol. Compounds 1 and 2 at non-toxic concentrations slightly inhibited cell proliferation and colony formation of the cancer melanoma cell lines SK-Mel-28, SK-Mel-5, and RPMI-7951.
The Far Eastern starfish Aphelasterias japonica is a rich source of different steroid glycosides and polyhydroxysteroids. Previous investigations of this starfish led to the isolation of 17 steroid compounds, comprising eight sulfated glycosides of polyhydroxysteroids, three asterosaponins, three aglycones of asterosaponins and three sulfated polyhydroxysteroids [1] [2] [3] [4] [5] .
Recently the metabolite profiling of polar steroid constituents in A. japonica was investigated using LC-ESI-MS/MS [6] . In total, 68 metabolites, comprising 33 asterosaponins, 28 sulfated polyhydroxysteroid mono-and biosides and 7 sulfated polyhydroxysteroid compounds were found and characterized by the fragmentary ion peaks observed in ESI MS/MS spectra of these compounds. Although in many cases stereochemistry and some details of exact structures could not be deduced from mass spectra, reasonable proposals for new glycoside structures could be given. These data demonstrated the prospects of finding new substances with unusual structural features in A. japonica.
Herein, we report the results of our studies on the ethanolic extract of A. japonica (order Forcipulatida, family Asteriidae). The extract was sequentially subjected to chromatographic separation on columns of Polychrom 1 and Sephadex LH-20, followed by HPLC on Zorbax Eclipse XDB-C18 and Zorbax 300SB-C18 columns to yield a new asterosaponin aphelasteroside F (1), along with the known ophidianoside F (2), which was first described from the starfish Ophidiaster ophidianus [7] and earlier isolated by us from gonads of A. japonica [3] (Figure 1 ). coupling constants (J = 7.4-8.0 Hz) of the anomeric protons were indicative of a -configuration of all glycosidic bonds. Me doublets at  H 1.52, 1.54, and 1.79 in the 1 H NMR spectrum showed the presence of three 6-deoxy sugar moieties. The 1 H-1 H COSY, DEPT, HSQC, HMBC, and ROESY experiments led to the assignment of all proton and carbon signals of the carbohydrate chain of 1 ( Table  1) . Irradiation of anomeric protons in the 1D TOCSY experiments gave the chemical shifts and coupling constants of the H-1 -H-6 proton signals of glucose and quinovose residues, and H-1 -H-4 of fucose residues; irradiation of protons of the deoxy-group of fucose gave the signal of H-5 of fucose. The NMR data of the oligosaccharide moiety of 1 strictly coincided with those of terminal -fucopyranosyl and -quinovopyranosyl residues, and internal 3-О-substituted -quinovopyranosyl and 2-О-substituted glucopyranosyl residues in the earlier reported spectra of the known acanthaglycoside C [10] and differed in the replacement of the 2,4di-О-substituted -D-xylopyranosyl residue by the 2,4-di-Оsubstituted -D-glucopyranosy l unit. The sequence of monosaccharide units in the carbohydrate chain of 1 was confirmed by ESI-MS/MS data. Thus, the ESI-MS/MS (negative ion mode) spectrum of the molecular anion peak [M  Na]  at m/z 1273 showed fragmentary ion peaks corresponding to the following sugar losses: at m/z 1127 [(M  Na)  146]  , loss of deoxyhexose; 965 [(M  Na)  146  162]  , losses of deoxyhexose and hexose; 981
 162]  , losses of two deoxyhexoses and hexose; 657 [(M  Na)  2146  2162]  , losses of two deoxyhexoses and two hexoses; and 511 [(M  Na)  3146  2162]  , loss of a carbohydrate chain. Acid hydrolysis of glycoside 1 with TFA followed by obtaining the chiral octylglycoside derivatives and comparison with corresponding derivatives of standard monosaccharides was carried out to ascertain the absolute stereochemistry of its monosaccharide units. The D-configuration for all the monosaccharide units comprising the carbohydrate moiety of 1 was established. The attachment of the oligosaccharide chain to the steroid aglycone and the position of interglycosidic linkages were deduced from inter-residue correlations in the ROESY and HMBC spectra (Table 1) The in vitro cytotoxicity of glycosides 1 and 2 against human melanoma SK-Mel-28, SK-Mel-5, and RPMI-7951 cell lines was evaluated by the 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfo-phenyl)-2H-tetrazolium (MTS) assay. It was observed that the investigated compounds 1 and 2 were nontoxic to all tested cells in concentrations from 12.5 to 50 M, but they slightly inhibited cell proliferation of these cell lines (from 10 to 40 M) after 48 h (Figure 2A) .
To evaluate the effect of aphelasteroside F (1) and ophidianoside F (2) on the colony formation of cancer cells, we conducted a soft agar clonogenic assay with melanoma SK-Mel-28, SK-Mel-5, and RPMI-7951 cancer cells. The cells were treated with compounds 1 and 2 at a non-toxic concentration of 20 M in a soft agar matrix and incubated at 37C in a 5% CO 2 incubator for 2 weeks. The results indicated that compounds 1 and 2 inhibited colony formation by 32% and 20% (SK-Mel-28), 23% and 18% (SK-Mel-5), and 23% and 18% (RPMI-7951), respectively, in comparison with nontreated cells (control, 0% of inhibition) ( Figure 2B ). 
Acid hydrolysis and determination of absolute configurations of monosaccharides:
The acid hydrolysis of 1 (3 mg), alcoholysis of the obtained mixture of sugars by (R)-(−)-octanol, followed by acetylation and GC analysis was carried out as described by Malyarenko et al. [11] . The following peaks were detected in the hydrolysate of 1: D-quinovose (t R 23. 74 
Bioassays

Materials:
The medium DMEM, fetal bovine serum (FBS), Lglutamine, and gentamicin were purchased from Biolot (Russia). The CellTiter 96 nonradioactive cell proliferation assay kit was purchased from Promega (Madison, WI).
Cell culture:
The SK-Mel-28 (ATCC # HTB-72), SK-Mel-5 (ATCC # HTB-70), and RPMI-7951 (ATCC # HTB-66) human malignant melanoma cell lines were grown in monolayers in DMEM, supplemented with 10% (v/v) heat-inactivated FBS, 2 mM L-glutamine, and 1% penicillin-streptomycin in a humidified atmosphere containing 5% CO 2 .
Cell cytotoxicity:
To estimate cell cytotoxicity SK-Mel-28, SK-Mel-5, and RPMI-7951 (4.5×10 4 ) cells were seeded in 96-well plates in 200 L of 10% FBS DMEM at 37C in a 5% CO 2 incubator. After 24 h, the medium was removed and replaced with fresh medium containing compounds 1 and 2 (12.5; 25, and 50 M), then incubated for an additional 24 h at 37C in a 5% CO 2 incubator. After incubation, 3-(4,5-dimethylthiazol-2-yl)-5-(3carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS reagent) (10 L) was added to each well, and cells were then incubated for 4 h at 37C in 5% CO 2 . Absorbance was measured at 490/630 nm.
Cell proliferation assay:
To estimate cell viability, SK-Mel-28, SK-Mel-5, and RPMI-7951 (3×10 4 ) cells were seeded in 96-well plates in 200 L of 10% FBS DMEM at 37C in a 5% CO 2 incubator. After 24 h, the medium was removed and replaced with fresh medium containing compounds 1 and 2 (10; 20, and 40 M), then incubated for an additional 24/48/72 h at 37C in a 5% CO 2 incubator. After incubation, 3-(4,5-dimethylthiazol-2-yl)-5-(3carboxy-methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS reagent) (10 L) was added to each well, and cells were incubated for 4 h at 37C in 5% CO 2 . Absorbance was measured at 490/630 nm.
Soft agar clonogenic assay:
Soft agar assay was performed on human malignant melanoma SK-Mel-28, SK-Mel-5, and RPMI-7951 cell lines. Cells (2.4×10 4 /mL) treated with/without investigated compounds (10 and 20 M) were exposed in 1 mL of 0.3% basal medium Eagle's agar containing 10% FBS and overlaid with 3.5 mL of 0.5% basal medium Eagle agar containing 10% FBS. The culture was maintained at 37C in a 5% CO 2 incubator for 2 weeks and the cell colonies were scored using a microscope and the ImageJ computer software program, as described by Colburn et al. [12] .
Data analysis:
All figures shown in this manuscript are representative of at least 2 independent experiments with similar results. Statistical differences were evaluated using the Student's ttest and considered significant at p  0.05.
